Quadricuspid aortic valve (QAV) is a rare congenital aortic valve abnormality. It is less common as compared to bicuspid or unicuspid aortic valve abnormality. QAV causes aortic regurgitation usually in the fifth to sixth decade of life. We present a rare case of a female patient with cryptogenic stroke due to a QAV and a patent foramen ovale (PFO). The patient underwent transcatheter closure of PFO, as there was no clear indication for surgery for her valve. Surgical removal remains the method of choice for the treatment of the QAV before left ventricular decompensation occurs.
Introduction
A quadricuspid aortic valve (QAV) is a rare congenital abnormality of the aortic valve with an estimated prevalence of 0.008-1.46% [1] . The first case was reported in 1862 by Balington [2] . The most frequent complication of a quadricuspid valve is aortic insufficiency, while various comorbidities are coronary anomalies and aortic root dilation [3] . Other findings, including abnormalities of other heart valves, patent ductus arteriosus (PDA), septal defects and persistent left superior vena cava have also been reported in the literature [4, 5] . In our case, no anomalous origin of coronary arteries and aortic root dilation was found in the transesophageal examination, rather than a patent foramen ovale (PFO).
Case Report
A 48-year-old Caucasian female was referred to our department with a history of stroke. The patient did not have a definitive cause of stroke. The echocardiographic evaluation showed a floppy interatrial septum, a mild aortic regurgitation (AR) and no other significant abnormalities (Fig. 1a, b) . A QAV was suspected, so a transesophageal examination was scheduled to assess the severity of the AR and the structural integrity of the interatrial septum. The aortic valve was quadricuspid (type B) with mild AR, and the aortic root measurement was 28 mm (Fig. 2a, b) . For further evaluation of our patient, contrast echocardiography was conducted and confirmed our suspicion of a PFO with a small left to right shunt (Fig. 3a, b) . The patient did not have a surgical indication and proceeded for percutaneous occlusion of PFO.
Discussion
QAV is defined by two classifications. Hurwitz and Roberts divide QAV into seven categories in accordance with the relative size of the four cusps. The most frequent form has three cusps of equal size and one smaller cusp (type B) [6] . Nakamura et al classify QAV according to the location of the supernumerary cusp. The most frequent is type B like in our case, in which the supernumerary cusp is positioned between the non-coronary cusp and the right coronary cusp [7] .
A QAV mostly presents as an isolated congenital abnormality, but can also be found with different anomalies, such as ventricular septal defect (VSD), PDA, pulmonary valve stenosis, subaortic muscular stenosis and defects of the coronary arteries [5] . We present a novel case of a patient with QAV and PFO, which has never been reported in the literature [4, 5, 8] .
QAV generally has a normal function when the patient is under 18 years of age and starts deteriorating over 40 years of age [5] . Clinical presentation varies from asymptomatic to various symptomatology like palpitations, chest discomfort, dyspnea, congestive heart failure, fatigue, syncope and even sudden cardiac death [5] . There is only one paper published reporting of a QAV manifested with ischemic stroke [9] . The involvement of PFO in the genesis of cryptogenic stroke is well established, and current guidelines suggest a transcatheter occlusion of PFO as a secondary prevention [10] . Is QAV or the PFO the lead cause of stroke in our case?
QAV has the tendency to develop to AR, due to gradual leaflet fibrosis and advanced failure of leaflet coaptation with aging [1] . Calcific valve disease of the left heart valves is classified as "low embolic risk" according to current guidelines. Nonetheless, it remains an important risk factor for cardiovascular events, including ischemic stroke [8] . 
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The surgical indications for QAV are severe AR, severe aortic stenosis and dysfunctional valve with coronary ostium occlusion [5] . The replacement of the aortic valve with surgery is the procedure of choice for patients with QAV and AR, but there are also some reports of transcatheter aortic valve replacements [1] . The possibility of a third-degree atrioventricular block is probably elevated after valve replacement because the supernumerary cusp is usually positioned between the non-coronary cusp and the right coronary cusp, over the membranous septum [11] .
The selection of patients and the treatment of choice are crucial because not all the patients with QAV require surgery [5] . Controversy remains over the strategic management of the patients with a QAV regarding indications for surgery, the treatment of choice and antibiotic administration as a precaution to prevent infective endocarditis [5] . Aortic valve regurgitation is the predominant hemodynamic abnormality and the main indication for aortic valve replacement in most patients who received surgery [4] . All patients with QAV require close surveillance for progression of AR.
Our patient underwent transcatheter closure of PFO, as there was no clear indication for surgery for her valve at this moment. A close echocardiographic follow-up was suggested to monitor the aortic insufficiency.
Conclusions
This case reports for the first time a female patient with a QAV and PFO, which manifested with an ischemic stroke. Clear delineation of the anatomy of the valve is difficult but of an immense clinical importance as these patients may develop progressive AR and other cardiovascular abnormalities, which will require cardiothoracic surgery. Surgical removal remains the method of choice for the treatment of QAV.
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